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INTRODUCTION 


This application note describes a microcomputer system, 
designed to provide efficient data transfer. In this system, 
direct memory access (DMA) is used to perform data trans- 
fers between memory and the data communication link. In 
fact, the system clearly demonstrates a method that provides 
a high speed data communication link by using the advance 
data link controller (ADLC) with DMA. Both the MC68120 
and MC68121 Intelligent Peripheral Controllers are similar; 
however, since ROM is provided by an external MCM2716 
EPROM, an MC68121 IPC is used in this application to con- 
trol the system. One of the many characteristics that makes 
the IPC suitable for this system is the HALT/BA feature. 
The MC68121 IPC provides an option that allows it to be 
hardware programmed into two different operating modes. 
The IPC contains 128 bytes of internal dual-ported RAM 
and six semaphore registers. The different operating modes, 
together with the internal dual ported RAM and semaphore 
registers, allow the IPC to operate on its local bus, as well as 
to communicate with an external system bus. Since the IPC 
requires an input clock, it has the capability of interfacing 
with any multiprocessing system. In this application, the IPC 
is only operating on its local bus (not connected to a system 
bus) and is receiving its E clock signal from a counted-down 
external 8-MHz source. The IPC P20-P22 pins are set up for 
mode 2 operation which is one of two MC68121 operating 
mode options. The IPC is used with an MC6844 direct 
memory access controller (DMAC), to perform high speed 
data transfer. Figure 1 contains a schematic diagram of the 
complete system. 





SYSTEM DEVICES 
The system shown in Figure 1 is driven by an 8-MHz oscil- 
lator which is counted down to generate the 1-MHz system 





(E) clock, as well as the address strobe (AS) signal. This 
allows for system synchronization between the IPC and other 
peripheral devices when needed. 

~The IPC is a device that contains an enhanced MC6800 
MPU which was designed to give greater throughput and 
more flexibility. The HALT/BA feature is a provision which 
allows the IPC to be continually halted by a device requesting 
service. Its multiplexed operating modes allow the lower 
address lines to be time multiplexed between address and 
data. For this application, the IPC is configured to operate in 
the Expanded-Multiplexed mode. In this mode of operation, 
the IPC has the ability to access up to 64 kilobytes of 
memory; however, only two kilobytes of RAM are used in 
this application. A 74LS373 latch is interfaced with the lower 
address/data lines to demultiplex these lines. This also pro- 
vides protection against address bus contention, during 
DMA, by placing the address lines in a high-impedance state. 
Placing the address lines in the high-impedance state is 
accomplished by using BA to control the 74LS373 output 
enable (OE) line. The higher address lines are also buffered 
with a 74LS244 buffer to provide equal high-impedance state 
protection. 

The HALT/BA demultiplexing circuit (see Figure 2) is set 
up to detect the HALT signal when the DMAC is requesting 
service, and to supply the BA signal when the current instruc- 
tion is completed. The IPC accesses all peripheral devices 
through a 74LS139 decoder that is hard wired to conform 
with the IPC mode 2 operation memory map (see Figure 3). 

The MC6844 DMAC performs the data transfers to and 
from the requesting device at a high rate of speed (2 mega- 
byte/second maximum). The flexibility of the DMAC allows 
it to transfer data in either a single-byte mode (mode 1 or 2) 
or a block transfer mode (mode 3), depending on the desired 
application. When the DMAC receives a request for service, 
from the requesting device, it then generates a DMA request 
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to the IPC (HALT) via the DRQI1 line. After receiving the 
address and data from the IPC, it transfers the data and 
returns the address and data buses back to the IPC. 

In this application, the DMAC is configured to use the 
three state cycle (TSC) steal or single-byte transfer mode of 
operation. This means that immediately after the IPC relin- 
quishes control of the buses, there are two dead clock cycles 
during which the buses are transferred to the DMAC. This is 
shown in the timing diagram of Figure 4. Following the two 
dead cycles is a DMA cycle. The system goes through more 
dead clock cycles before the buses are again transferred to 
the IPC. In the TSC steal mode, the DMAC only transfers 
one byte of data during each DMA transfer. 

The MC6854 ADLC is used as a high speed data communi- 
cations link device that requires high speed servicing. This 
function is appropriately performed by the DMAC. The 
MC6854 directly supports synchronous data link control 
(SDLC) standards, and with the appropriate software (via 
the IPC), it also supports the advanced data communication 
control procedure (ADCCP) and high level data link control 
(HDLC). 

The 74LS153 multiplexer allows the IPC and the DMAC 
to access the transmit (write-only) and receive (read-only) 
registers of the ADLC. Depending on the state of control 
signals TxSTB and DEND, RSO and/or RSI are selected by 
the lower address lines AO and Al. The end of data trans- 
mission is indicated by the assertion of the R/W and DEND 
signals (low). 





SYSTEM OPERATION 


Before the entire system is fully functional, all devices 
must be initialized. A routine to accomplish this is shown in 
Figure 5. The program of Figure 5 must first be loaded into 
the MCM2716 EPROM. 

The software first stores the data to be transferred in 
memory beginning at address $400 ($ denotes hexadecimal). 
In this application $100 bytes of data was chosen as a block 
size. A block of memory, beginning at $800 was cleared for 
the receive data. Since two blocks of memory are used, two 
address registers are required, one loaded with $400 (the 
starting address of the transmit address register) and one 
loaded with $800 (the starting address of the receive address 
register). The number of address registers required depends 
upon the user application. The byte count registers are 
loaded with $100: the number of bytes to be transmitted. The 
MCA and MCB bits of the channel control register are set for 
DMA transfer mode 1, which is the single byte transfer 
mode. Bit 0 in both channel control registers is initialized to 
define the direction of DMA transfer; 1 for the transmitting 
register, and O for the receiving register. Bit 3 is set to incre- 
ment the address registers through the data block. To com- 
plete the DMAC initialization, the request enable bits (0 and 
1), in the priority control register, are set to enable channels 0 
and 1 for the data transfer. The interrupt control and data 
chain registers are not needed for this application; therefore, 
they are loaded with zeros. 


All control registers on the MC6854 ADLC are initialized 
according to the direction of information flow: transmitting 
or receiving. The order in which the control registers are 
initialized is the most efficient method, since bit 1 of control 
register 2 (address control bit) determines which control 
register can be accessed next. After initialization is completed 
and the ADLC is taken out of reset, TDSR (transmitter data 
service request) is asserted to request service from the 
DMAC. The first byte of data is then transferred to the 
transmit register. 

Before a DMA transfer can occur, DRQ1 (HALT input to 
demultiplexing circuit shown in Figure 3) must be asserted by 
the DMAC to request the use of the address and data buses. 
Once HALT is detected, the CPU of the IPC completes its 
current instruction, the CPU is halted, and the BA signal is 
asserted; indicating to the DMAC that the buses are avail- 
able. After the IPC gives up the buses, there are two dead 
cycles, before the DMA cycle, during which data is trans- 
ferred. Two and one half dead cycles later, the IPC regains 
control of the buses. Figure 4 contains a timing diagram for 
the system used in this application. The extra delays present 
before data is transferred are due mainly to the HALT/BA 
demultiplexing circuit. In spite of the presence of these 
delays, data is still transferred with a reasonable degree of 
efficiency. 

The 74LS153 multiplexer provides the synchronous inputs 
to register selects, RSO and RS1, of the ADLC. The R/W for 
the ADLC is the output from the system R/W signal Exclu- 
sive-NORed with TxSTB of the DMAC. This ensures that 
during each DMA cycle, the data on the data bus to be trans- 
mitted is written into the ADLC, and the data to be received 
is read from the ADLC. Register selects RSO and RSI 
together with the R/W input, select the internal registers, 
read-only for data to be transferred, and write-only for data 
to be received. In order to transfer data from RAM, it is first 
stored in the TxFIFO (transmit data first-in-first-out) register 
of the ADLC. Since the TxFIFO is initially empty, three 
bytes of data will be received to fill it. When the data is 
received and is ready for transfer, RDSR is asserted by the 
ADLC, and the DMAC transfers the data into memory loca- 
tions (RAM) reserved for it. 

In order to test the system, it was configured to loop back 
to itself; transmit data output (TxD) was tied to receiver data 
input (RxD), and transmitter clock input (TxC) was tied to 
receiver clock input (RxC). In this way, both clock inputs 
were synchronized, and the data to be transmitted by the 
ADLC was looped back as received data to the ADLC. 








CONCLUSION 


The system successfully tested the transfer of $100 bytes of 
data. It demonstrates the feasibility of fast data communica- 
tions between small microcomputer systems. Furthermore, it 
can be an efficient means of data retrieval. The MC68121 is 
an IPC that is well suited for designs such as shown here. It 
not only provides an interface with peripheral devices, but 
easily provides an interface between the MC68000 and 6800 
Family devices to handle burdensome tasks. 
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FIGURE 1 — Communications Link System Schematic Diagram 
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FIGURE 2 — HALT/BA Demultiplexing Circuit Schematic Diagram 
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FIGURE 3 — System Memory Map 
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*DEND is only asserted during the transmission of the last byte of data for each channel. 





FIGURE 4 — Three State Cycle (TSC) Steal Timing Diagram 
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O IPCc/DM 


NAM 
Pt 
ke 
* 
% 
* 
* 
* 
ADRO EQU $4000 
BYCTRO EQU $4002 
ADR1 EQU $4004 
BYCTRI EQU $4006 
CHCRO EQU $4010 
CHCRL EQU $4011 
DMAPRC EQU $4014 
DMAICR EQU $4015 
CHAIN EQU $4016 
* 
CNTRLI EQU $SOCOO 
CNTRL3 EQU SOCO2 
CNTRL4 EQU SOCO3 
CNTRL2 EQU SOCOL1 
ORGADD EQU $520 
NUADD EQU $522 
ORG SF800 
* ROUTINE TO LOAD DATA 
START LDAA #SFF 
LDX #5400 
AGAIN STAA O,X 
DECA 
INX 
CPX #35500 
BNE AGAIN 
* 
CLRB 
LDX #5800 
NUADR STAB 0O,X 
INX 
CPX #$900 
BNE NUADR 
* INITIALIZE DMA 
LDD #$0400 
STD ADRO 
LDD #$0100 
STD BYCTRO 
LDD #S0800 
STD ADR1 
LDD #$0100 
STD BYCTRI1 
LDAA #$05 
STAA CHCRO 
LDAA #S04 
STAA CHCRI1 
LDAA #$03 
STAA DMAPRC 
LDAA #$00 
STAA DMAICR 
LDAA #S00 


IPC /DMA/ADLC 
Z01,ABS, LLEN=80 


THIS PROGRAM IS TO DEMONSTRATE THE XFER OF DATA FROM 
ONE MEMORY LOCATION TO ANOTHER,USING THE MC68121 
INTELLIGENT PERIPHERIAL CONTROLLER, 


INTERFACED WITH THE 


MC6844 DIRECT MEMORY ACCESS CONTROLLER AND THE 
MC6854 ADVANCED DATA LINK CONTROLLER. 


DMA 
DMA 
DMA - 
DMA 
DMA 
DMA 
DMA 
DMA 
DMA 


ADDR.REG:sO ADDRESS 

BYTE CONTROL REG.O 
ADDR.REG.1 ADDRESS 

BYTE CONTROL REG.1 

CHANNEL CNTRL REG.O FOR XMIT 
CHANNEL CNTRL REG.1 FOR RCV 
PRIORITY CONTROL REG. 
INTERRUPT CONTROL REG. 

DATA CHAIN REG. 


ADLC CONTROL REG.1 
ADLC CONTROL REG. 3 
ADLC CONTROL REG.4 
ADLC CONTROL REG.2 
MEMORY SPC FOR ORIGINAL ADDR BLOCK 
MEMORY SPACE FOR NEW ADDRESS BLOCK 


IN DECLINING ORDER IN 100 MRY LCTN 
LOAD ACCUMULATOR A WITH #SFF 

LOAD INDEX REG. WITH STARTING ADDR 
STORE #SFF IN STARTING ADDRESS 
DECREMENT ACCUMULATOR 

INCREMENT INDEX REG. 

CHECK FOR 100 MEMORY LOCATIONS 

IF NOT, REPEAT 


ROUTINE TO CLEAR 100 NEW MEMORY LOCATIONS 


CLEAR B ACCUMULATOR 
LOAD NEW ADDRESS 
BEGIN CLEARING ALL 100 ADDRESSES 


IS ALL CLEAR? 
IF NOT, REPEAT 


ADDRESS REG.O 

BYTE CONTROL REG.O 
ADDRESS REG.1 

BYTE CONTROL REG.1 
CHANNEL CONTROL REG.O 
CHANNEL CONTROL REG.1 
PRIORITY CONTROL REG. 
INTERRUPT CONTROL REG. 


DATA CHAIN REG. 


FIGURE 5 — IPC/DMA/ADLC Program Listing 
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QO IPC/DM 


STAA CHAIN 
* 
* INITIALIZE ADLC 
LDAA #SD9 
STAA CNTRLI1 
LDAA #S00 
STAA CNTRL3 
LDAA #S1F 
STAA CNTRL4 
LDAA #SCO 
STAA CNTRLI 
LDAA #$00 
STAA CNTRL2 
* 
* ENABLE ADLC 
LDAA #518 
STAA CNTRLI1 
* POLLING BYTE CONTROL 
CHECK LDX BYCTRI 
CPX #$50000 
BNE CHECK 
LDX #S400 
STX ORGADD 
LDX #$800 
STX NUADD 
DGOOD LDX ORGADD 
LDAA O,X 
INX 
STX ORGADD 
LDX NUADD 
CMPA  0O,X 
BNE DNGOOD 
INX 
STX NUADD 
CPX #$900 
BEQ HALT 
BRA DGOOD 
HALT BRA HALT 
DNGOOD LDAA  0,X 
STOP BRA STOP 
ORG SFFFO 
FDB START 
FDB START 
FDB START 
FDB START 
FDB START 
FDB START 
FDB START 
FDB START 
END 


CONTROL REG.1 


CONTROL REG.3 


CONTROL REG.4 


CONTROL REG.1 


CONTROL REG. 2 


TAKE ADLC OUT OF RESET 
REG.O 


START TRANSMITTING ALL DATA 


TOP DATA ADDRESS 
LOAD IN NEW ADDRESS 


LOAD WITH STARTING ADDRESS 
CONTENTS OF ADDRESS 

INCREMENT ORIGINAL ADDR POINTER 
STORE ADDRESS POINTER 

LOAD NEW ADDRESS POINTER 

CHECK CONTENTS OF BOTH ADDRESS 
JUMP IF DATA IS NOGOOD 
INCREMENT NEW ADDRESS POINTER 
STORE THAT ADDRESS 

ALL DATA CHECKED? 

GO TO HALT 

IF NOT LOOP AGAIN 

BRANCH ON HALT.ALL'S DONE 

IF DATA NOT GOOD 

BRANCH ON STOP 


FIGURE 5 — IPC/DMA/ADLC Program Listing (Continued) 
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